The effluent from the combined household wastewater treatment facilities used in unsewered areas of Japan is generally high in nitrogen (N) and phosphorus (P). In Japan, environmental quality standards for zinc (Zn) pollution were enacted recently because of the toxicity of Zn to 
INTRODUCTION
In areas of Japan where no sewerage systems have been constructed, domestic wastewater is usually treated by combined household wastewater treatment facilities (these facilities include primary and secondary treatment processes).
Effluent from these kinds of systems generally contains relatively high levels of nitrogen (N) and phosphorus (P).
Environmental quality standards for zinc (Zn) pollution were enacted recently in Japan because of the toxicity of Zn to aquatic ecosystems. The water quality standard for Zn in rivers and lakes is 0.03 mg L
21
, and the wastewater quality standard is 2 mg L
.
Wastewater from a dormitory at the Koibuchi College of Agriculture and Nutrition is treated by a combined household wastewater treatment facility in which the wastewater is treated aerobically by microorganisms. In the past the effluent has been discharged into an irrigation ditch that flows into a pond for agricultural use. Algal blooms sometimes appeared in the pond, however, and the major nutrient source was considered to be effluents from the dormitory.
In recent years, considerable attention has been directed toward constructed wetlands, because of their low cost and ease of operation (Brix 1993; Cooper 2007;  converted into a biotope containing a surface-water-flow constructed wetland and restored nature zone (Figure 1 ).
The constructed wetland was expected to clean the effluent from the dormitory before discharge to the pond, as well as to educate students on environmental issues (Abe et al.
2007)
We evaluated the N and P removal efficiencies in the constructed wetland system over a year. We also studied Zn removal in the constructed wetland system to evaluate the impact of the system's effluent on aquatic ecosystems downstream of the biotope.
MATERIALS AND METHODS
The biotope area consists of the surface-water-flow con- Phragmites australis (reed) is commonly used in constructed wetlands (Griffin 2001) . However, the wetland is planted with Zizania latifolia Turcz., because this species is native to Japan, has a high biomass production rate, and, causes little damage to the paddy field close to the biotope area, unlike reeds, which rapidly extend their strong rhizomes and can thus make holes in the bunds surrounding the paddy fields.
The volume of wastewater inflow was measured with an integration flow meter. The effluent water volume was calculated as the sum of inflow and rainfall minus evapotranspiration. Because the ground water level is high in the biotope area, water leaching is considered to be negligible.
For convenience, the typical rate of evapotranspiration from a Japanese paddy field (Kaneko, 1973) was substituted for that from this constructed wetland. Frequent sludge removal is very costly, however, so we are currently working on ways to oxygenate the material before it enters, or once it is in, the wetland. Figure 4 illustrates the concentrations of P compounds in the influent to, and effluent from, the constructed wetland.
Phosphorus removal
On average, the influent contained 1.86 mg L 21 TP and and the average PO 4 -P concentration was 0.35 mg L 21 (73% reduction). The organic þ particulate P concentration hardly decreased while the effluent was passing through the wetland; therefore, the major mechanism of P removal in the wetland appears to be plant uptake of PO 4 -P and PO 4 -P adsorption to soil particles, rather than precipitation of particulate P. Nitrogen, phosphorus and zinc removal rates and contribution of plant absorption 
Zinc removal

TN and TP removal efficiencies increased from April to
July. In August, during the students' vacation, the TN and TP percentage removal rates increased because the loading rates were only about one-third of the normal rates.
In September, the TN and TP removal rates were lower than those in July. The likely reasons for this decrease were that about half the Z. latifolia had been harvested on 13 July because of lodging, and the regrowing shoots were injured by blast and rice skipper from the neighbouring paddy field.
Management of pests without using pesticides should be considered to avoid harmful effects to the biotope ecosystem. TN and TP removal rates and removal efficiencies changed synchronously with atmospheric temperature.
The TN removal rate decreased more notably than the TP removal rate in winter.
The Zn loading rate varied. The Zn removal rate also fluctuated markedly. No relationship was found between
Zn removal rate and atmospheric temperature. (3) The constructed wetland system was effective for removing not only nutrient salts but also soluble Zn from the secondary treated domestic wastewater.
(4) The contribution of plant absorption to the N, P and Zn removal by the constructed wetland system was limited. We suggested that N was removed mainly by denitrification and partly by plant uptake, P was removed mainly by adsorption to soil particles and partly by plant uptake, and Zn was removed mainly by physicochemical reactions.
